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doi:10.1016/j.ejvs.2011.06.005Abstract Objective: Stent-assisted remote iliac endarterectomy (SA-RIEA) is a hybrid mini-
mally invasive technique for treating patients with combined external iliac and common
femoral disease, when the only alternative would be conventional open revascularisation.
Design: This was a retrospective, single-centre study.
Materials and Methods: From January 2004 to April 2010, 155 SA-RIEA procedures were per-
formed. The patients’ mean age was 62 (range, 43e86) years. Indications for surgery were:
severe claudication in 79 (51%), rest pain in 43 (28%) and gangrene in 33 (21%) cases. The mean
length of follow-up was 21 months.
Result: Initial technical success was achieved in 145 (93.5%) procedures. Ten patients required
conversion to a conventional iliofemoral reconstructive procedure. The 1-, 3- and 5-year
primary, primary-assisted and secondary patency rates were 80.2%, 74.7% and 69.3%; 84.8%,
82.4% and 78.2%; and 86.8%, 84.2% and 79.6%, respectively. Within the first 30 days, there were
no early reocclusions, one (0.6%) perioperative death due to myocardial infarction, five (3.4%)
minor wound complications and two (1.3%) limb losses. During follow-up, seven patients under-
went open reconstruction due to symptomatic reocclusion, and four were re-operated on due
to symptomatic restenosis (three percutaneous transluminal angioplasties (PTAs), one reen-
darterectomy).
Conclusion: In patients with combined common femoral and external iliac disease, SA-RIEA
appears to offer a safe and effective alternative to conventional open surgery.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Peripheral arterial occlusive disease (PAOD) is commonly
associated with multilevel stenoses and occlusions, espe-
cially in patients with critical limb ischaemia. The success6262097; fax: þ361 464 8646.
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ty for Vascular Surgery. Publisheof any revascularisation procedure is often influenced by
the quality of inflow and runoff. During the last decade,
endovascular techniques have become the first choice ford by Elsevier Ltd. All rights reserved.
Stent-assisted Remote Iliac Artery Endarterectomy 649treatment of many cases of iliac disease,1 but the presence
of co-existent severe common femoral artery (CFA) disease
usually means that only open repair is possible.2,3
In this situation, open revascularisation via aortofemoral
bypass (AFB), iliofemoral bypass (IFB) and aorto-iliac
endarterectomy (AIE) are the three most commonly used
techniques. In 1953, Barker and Cannon described an alter-
native approach, called ‘semi-closed’ endarterectomy, for
treating such lesions.4 Arteriotomies were made at the
proximal and distal ends of the obliterative lesion, and an
intimal core was freed from the vessel and transected.
Vollmar modified this technique by using a ring stripper that
was inserted between the outer arterial wall and the inner
atherosclerotic intimal core. The stripper was then pushed
towards the unopened artery.5 Vollmar’s modification avoi-
ded the need for proximal exploration, but it required the
availability of a relatively disease-free segment of the
external iliac artery (EIA). The origin of the internal iliac
artery (IIA) remained a significantly resistant point and
a frequent place for future restenoses.We hypothesised that
primary stenting of the proximal transection flap would
prevent early- and long-term restenoses.
Materials and Methods
Patients
This was a single-centre non-randomised retrospective
study. Patients were scheduled for stent-assisted remote
iliac endarterectomy (SA-RIAE), if they presented with
symptomatic iliac artery occlusive disease that also involved
significant disease in the ipsilateral common femoral artery.
From January 2004 to April 2010, a total of 155 procedures
were performed. Indications for the surgery were estab-
lished according to the Rutherford classification,6 and the
morphology of the treated iliac segment was categorised
into groups according to the Inter-Society Consensus for the
Management of Peripheral Arterial Disease (TASC II).1
Demographic data and risk factors for atherosclerosis were
collected (Table 1). In the claudication group, the decision
to proceed to surgery was made after the best conservative
treatment was found to be ineffective (smoking cessation,Table 1 Baseline patient characteristics.
n %
Age 62  9 (SE)
(43e86) years
Male 106 68.3
Female 49 31.6
Risk factorsa
Diabetes Mellitus 50 32.2
Hypertension 123 79.3
Cardiac disease 61 39.3
Pulmonary disease 51 32.9
Smokers 132 85.1
Hyperlipidemia 68 43.8
a The criteria for the diagnosis or the presence of risk factors
were defined according to Rutherford’s classification.6 Each
variable was considered “yes” if its score was “1” or higher.walking exercise and anti-platelet and lipid-lowering medi-
cation). Long chronic common iliac artery (CIA) occlusion,
stenotic aorta and/or aneurysmal degeneration were
considered contraindications for SA-RIAE. Similarly, heavily
calcified EIAs or bilateral lesions were deemed relative
contraindications. Ipsilateral femoro-popliteal occlusive
disease was not considered a contraindication if the runoff
was manageable.
Preoperative assessment consisted of physical exami-
nation, determination of the ankleebrachial blood-
pressure index (ABPI) and either conventional digital
subtraction angiography (until 2007) or computed tomog-
raphy angiography (CTA, after 2007). The move to CTA
helped in planning the procedure, gave additional infor-
mation about the vessel structure and plaque (intimal core)
morphology (three-dimensional (3D) plaque and vessel
characteristics) and provided better knowledge of the
severity of arterial calcification.Stent-assisted RIAE
The procedures were performed using regional (spinal or
epidural) or general anaesthesia. The common femoral
artery (CFA) was exposed through an 8- to 10-cm longitu-
dinal groin incision. The superficial femoral artery (SFA) and
profundal femoral artery (PFA) and all collaterals were
encircled with slings. After intravenous administration of
5000 IU sodium-heparin, the CFA was punctured and a 7-F
introducer sheath was inserted into what remained of the
CFA lumen. Initial retrograde angiography was performed.
Using a road map, a 0.035-in.guide wire was steered up into
the aorta as high as possible and maintained in this position
during the procedure. The appropriate choice of a wire
depends on the morphology of the EIA. Stenotic but open
vessels can be easily wired by a ‘J’-, angled or straight-
ended conventional or stiff Terumo 0.035-in. hydrophilic
guide wire. In cases of complete occlusion, a hydrophilic
wire is preferred. To facilitate the advancement of the
wire, a support catheter is sometimes needed, and this also
depends on the actual configuration: straight, cobra,
vertebral or pigtail catheter.
Care must be taken to keep the wire in the true lumen at
the level of the proximal CIA and aorta. If the wire enters
the EIA subintimally, then re-entry into the CIA must be
performed. If there are any concerns, the wire must be
exchanged for a pigtail diagnostic catheter, and antegrade
angiography is done. In case of complete CFA and/or EIA
occlusion, the sheath insertion is performed under fluoro-
scopic control navigated by a guide wire. When pushing the
sheath gently into the occluded vessel, the open part of the
iliac artery sometimes can be reached with the introducer
itself, and angiography is performed to identify the end
point of occlusion. The appearance of retrograde blood
flow from the introducer indicates that it has entered the
true lumen. If the patent iliac artery cannot be reached, an
attempt is made to push a hydrophilic wire up into the
aorta either subintimally or through the occluded ‘lumen’.
The absence of loop formation and the ability to easily push
the guide wire suggest that the wire has re-entered into the
true lumen. In addition, we change the wire to a flush or
pigtail catheter, and angiographic control is accomplished.
650 G. Simo´ et al.In the case of failure to steer the wire into the true prox-
imal lumen, we perform the remote endarterectomy in the
conventional way first. Then, after core removal, if any of
the lumen opens at the transection level as indicated by
retrograde blood flow, we try to advance the wire to the
common iliac and aorta using the road map. If this fails, we
have found puncturing the contralateral femoral or
a brachial artery and passing the wire antegrade down to
the open femoral artery to be successful.
After removal of the sheath (securing the wire into
position), a longitudinal arteriotomy is made in the CFA,
and a conventional open dissection of the intimaemedia
core is performed at the layer of the external elastic
lamina. The dissected inner core is then transected, and
the proximal part, along with the guide wire, is driven
through the ring of a properly sized ring stripper (Vollmar
Dissector, Aesculap, San Francisco, CA, USA). Closed
dissection is then performed ‘over the wire’ under fluoro-
scopic control. The proximal detachment zone should be as
high as the origin of internal iliac artery, and this vessel
usually blocks any further advancement of the ring. Tran-
section of the intimaemedia core is made by pulling theFigure 1 A. Preoperative CT angiogram B. Steps of procedure 1.
angiography after dissection of the external iliac core e severe in
covered by stent deployment C. Postoperative angiogram 1. Overv
struction of the stent of the proximal transection zone.cutting wire of the Vollmar dissector. It is important to keep
the guide wire in the aorta, and the retrieval manoeuvre is
continuously monitored by fluoroscopy. During the whole
procedure, arterial flow is controlled by a double rubber
sling on the proximal CFA, just below the inguinal ligament.
The 7-F introducer is then reinserted over the guide
wire, and angiography is performed. Typically, the proximal
transection zone can be seen. Residual or proximal iliac
stenoses are occasionally visualised. An appropriately sized
stent is then deployed, securing the partially dissected
proximal intimal flap. We prefer balloon-expandable stents
for short lesions and also when precise stent deployment is
required due to the proximity of the CIA lesion to the aortic
bifurcation. If the transection zone that needs to be
covered is long or if an additional long-segment CIA lesion is
present, we prefer a self-expandable nitinol stent (Fig. 1).
Completion angiography is then performed and if a good
result is demonstrated, the sheath and guide wire are
removed. The procedure is then completed by formal CFA
endarterectomy or profundoplasty, and sometimes both are
performed. The distal intimal shelf usually needs to be
tacked down with 6/0 Prolene sutures, and the arteriotomyGuide wire and catheter are steered up in the aorta 2. Control
timal dissection at the transection zone 3. Transection zone is
iew of right SA-RIEA e with crossover bypass 2. Planar recon-
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artery warrants patch closure, we prefer to use the autol-
ogous vein. All patients in this study received daily dalte-
parine injections for 1 week and acetylsalicylic acid
(100 mg daily) or clopidogrel (75 mg daily) continuously.
Follow-up
Early (30 days) postoperative outcomes and changes in
clinical symptoms were classified according to the Amer-
ican Heart Association’s guidelines.7 Patients were
reviewed at 2, 6 and 12 months and yearly thereafter.
Physical examination and palpation of the pulse were
conducted and the ABPI was recorded. If there were new
clinical symptoms or a significant drop in ABPI, a duplex
scan or CTA was performed (Fig. 2).
Adverse outcomes, such as wound complication, loss of
the affected limb, restenoses or reocclusion, were docu-
mented. Clinical success and patency were determined
using the Rutherford classification.6
Statistical analysis was performed with Statistical
Package for Social Sciences (SPSS) Statistics software (SPSS
Inc., Chicago, IL, USA). Patency rates were calculated with
the life-table analysis.
Results
From January 2004 to April 2010, a total of 155 patients
(106 males and 49 females with a mean age of 62 years and
an age range from 43 to 86 years) were scheduled for 155
SA-RIAEs in our department. The indications for surgery
were: severe claudication in 79 (50.9%) cases, rest pain in
43 (27.7%) cases and gangrene in 33 (20.6%) cases. In total,
nine patients were classified as TASC B (5.8%), 81 were TASC
C (52.2%) and 65 were TASC D (41.9%), and a total of 52
(33.5%) cases had complete EIA occlusion.
Initial technical success was achieved in 145 (93.5%)
procedures. In four cases, the failure was due to the initial
guide wire not successfully re-entering from the subintimal
position. Therewas a rupture of the adventitial layer in three
cases. The initial dissections were unsuccessful because of
a heavily calcified intima core in two cases. In the remaining
procedures, the guide-wire position was misinterpreted,
leading to incorrect subintimal stent deposition and intra-
operative vessel occlusion. All of these cases were converted
to conventional iliofemoral reconstructive procedures
through traditional extraperitoneal exposure.
The endarterectomy was extended to the profunda fem-
oris artery in 87 patients (60.0%), to the origin of the SFA in 22
(15.1%) and to both in 14 (9.6%) cases. Following the SA-RIEA,
a number of patients underwent additional revascularisation
procedures. These included iliofemoral-crossover Dacron
bypass in 21 patients (14.4%) (Fig. 1(C)), antegrade SFA
remote endarterectomy covering the distal intimal step with
stent deposition in six (4.1%) patients and above-knee fem-
oro-popliteal bypass with Dacron in four (2.7%) patients and
with greater-saphenous-vein in eight (5.5%) cases.
Theproximal intimalflapwascoveredwitha steel balloon-
expandable stent (Genesis, Cordis, East Bridgewater, NJ,
USA, Omnilink, Abbott Vascular, Abbott Park, IL, USA) in 115
patients (79.3%) and with a self-expandable nitinol stent(SMART, Cordis, East Bridgewater, NJ, USA, Luminexx, Bard
Peripheral Vascular, Inc., Tempe, AZ, USA) in 30 (20.6%)
patients. Additional common iliac stents were deployed in 11
(7.5%) cases. Alteration of the patency of internal iliac artery
was not observed at completion angiography.
Early postoperative complications
Postoperative complications (occurring within 30 days)
included gastrointestinal bleeding in one patient (0.6%),
wound infection in two patients (1.3%) and postoperative
haemorrhage due to suture-line bleeding requiring surgical
exploration in three patients (2.0%). Acute iliofemoral
reocclusion was not seen. However, one of the eight
complementary greater-saphenous-vein bypasses became
occluded in spite of an open iliofemoral segment, and it
was replaced with a polytetrafluoroethylene (PTFE) graft.
In the early postoperative period, two patients (1.3%)
required major amputations (one below the knee and one
above the knee). Both were diabetic patients with
advanced necrosis. One of these patients died on the eighth
postoperative day following a myocardial infarction.
At 30 days, 53 patients (36.5%) were symptom free and
had a palpable peripheral pulse or >0.9 ABPI, 85 patients
(58.6%) were moderately or minimally improved and all but
one surviving patient had their limbs salvaged (Table 2).
Late outcomes
The median follow-up period was 21 months. The patient
who suffered a perioperative death was excluded from the
analysis. SA-RIAE was assumed to be successful if the
walking distance and the ABPI did not change, and the
femoral pulse was palpable. The 1-, 3- and 5-year primary
patency rates were 80.2%  2 (standard error, SE),
74.7%  6 (SE) and 69.3%  8 (SE). The 1-, 3- and 5-year
primary-assisted patency rates were 84.8%  3 (SE),
82.4%  4 (SE) and 78.2%  6 (SE). Percutaneous balloon
angioplasty with stent placement was performed in three
cases during follow-up, while a profundoplasty was per-
formed in one case. The indications for these
re-interventions were worsening walking distance and
restenoses of more than 70%. One patient had restenoses at
the external iliac endarterectomy site, and a successful
remote reendarterectomy was performed. The secondary
patency rates were 86.8%  3 (SE), 84.2%  4 (SE) and
79.6%  6 (SE) at 1-, 3- and 5-years (Fig. 3). Further
reconstructive surgery was needed in seven (4.8%) patients
due to occlusion, and aortobifemoral bypasses (n Z 5),
iliofemoral bypass (n Z 1) and an open iliac reendarter-
ectomy with stent removal were performed (n Z 1).
Discussion
In most centres, the ‘first line’ of treatment for patients with
iliac occlusive disease is angioplasty (with orwithout a stent).
This method has lowmorbidity andmortality rates; however,
if the CFA is severely diseased, patency rates are poor
(45e50% at 2 years),2,8 and most surgeons prefer to perform
an open reconstruction. Before the era of endovascular
techniques and prosthetic grafts, open endarterectomy was
Figure 2 A. Preoperative angiography, left external iliac and common femoral artery occlusion. Left SA-RIEA was performed B.
Multislice CT angiography two years later due to right limb ischaemia e left iliac reconstruction is patent without stenosis C. Curved
reconstruction of the stent and disobliterated segment e no restenosis.
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Table 2 Clinical improvement after the procedure according to the AHA’s classification.7
Grade Changes in symptoms Patients n Z 145
þ3 Markedly improved: ABPIa > 0,9 53 (36.5%)
þ2 Moderately improved: ABPI [ > 0,10, at least single categoryb improvement 58 (40.0%)
þ1 Minimally improved: ABPI [ > 0,10, no categorical improvement 27 (18.6%)
0 No change: ABPI [ < 0,10, no categorical shift 5 (3.4%)
1 Mildly worse: ABPI Y > 0,10 or downward categorical shift 0
2 Moderately worse: one category worse or unexpected minor amputation 0
3 Markedly worse: more than one category worse or unexpected major amputation 2 (1.3%)
a Ankle-brachial blood pressure index.
b Rutherford classification.6
Stent-assisted Remote Iliac Artery Endarterectomy 653the standard revascularisation procedure.9 Later, if the
external iliac artery was involved, semi-closed or remote
ring-stripper desobliteration (introduced by Vollmar)5
became available.
Open reconstructions (aorto- or iliofemoral bypass surgery)
haveoverall 5-yearprimarypatency rates of 85e90%,but they
are associatedwith relatively highmorbidity (7e19%) and late
complication rates, including graft infection, late anasto-
motic pseudo-aneurysm and re-occlusion.10,11
SA-RIAE combines the benefits of open and endovascular
procedures.
The peri-procedural risk is low,12e14 and the presence of
a hostile abdomen or pulmonary disease does not affect the
technical success. Furthermore, prosthetic grafts are avoided.
Conventional ring-stripper endarterectomy of the EIA is
also aminimally invasive alternative, but the peri-proceduralFigure 3 Life-table analysis of primary, primary-assisted and seco
cases entering the interval. Standard errors are given in parenthesand early failure rates are higher, and the long-term results
are inferior because the proximal end of the endarterectomy
zone is uncontrolled. In a series by Smeets et al., the 3-year
primary patency rate of 43 procedures was 60.2% 12.0 (SE);
in our series, it was 74.7%  6 (SE). In eight cases from the
study by Smeets, PTA/stenting were performed during the
first year due to restenosis of more than 70%.12 Unfortu-
nately, the author does not describe the exact location of
these restenoses. Based on our previous experience with the
same conventional procedure, the restenosis mostly
develops at the proximal transection zone (Fig. 4). Using
intravascular ultrasound (IVUS), Vogt et al. have shown
significant residual stenoses, intimal steps and remnants in
50% of patients after the procedure, leading to a high risk of
early reocclusion.15 Martin et al. have already suggested the
primary stenting of the proximal transaction zone, althoughndary patency rates of SA-RIEA. The table shows the number of
es.
Figure 4 A. Preoperative multislice CT angiography e conventional right iliac remote endarterectomy was performed without
securing the proximal transection zone with stent B. Control CT angiography one month later e planar reconstruction - significant
residual stenosis at proximal transection zone C. Same patient e intraoperative angiography e significant residual stenosis at the
proximal transection zone D. Stenosis is covered by stent implantation.
654 G. Simo´ et al.their series was much smaller.16 Moreover, Nelson et al.
emphasise that, in their technique with an open CFA endar-
terectomy and EIA stenting, the distal end point of the stent
must be just distal to the proximal endarterectomy ledge.17
Fluoroscopy facilitates ring-stripper endarterectomy.
Residual proximal stenoses, the dissected intimal flap or
intimal remnants are visible, although their extent may be
underestimated by completion angiography.
Furthermore, at the transection site, the residual
intimal layer is not attached to the adventitial layer. Thus,
according to Bernoulli’s principle, the higher flow does not
allow reattachment between the floating intimal flap and
the vessel wall. This could result in thrombus formation,
and explains why late restenoses were mostly soft.18
These data explain why the transection site is the most
common location for restenosis, and they underline the
advantage and necessity of primary stenting of the tran-
section site to repair and anchor the intimal flaps and
remnants, eliminating these factors as causes of restenosis.
Other less invasive approaches to treatment of combined
EIAeCFA lesions are open endarterectomy of CFA, with
either stenting or stent grafting of EIAeCIA disorders. Chang
et al. reported 5-year primary, primary-assisted andsecondary patency rates of 60%, 97% and 98%,19 while early
results (12 months) of primary and primary-assisted patency
rates from Nelson et al. were 84% and 97%.17 However, in the
latter series, 15% of patients needed re-intervention to
maintain patency.
Our results compare favourably with these reports. A
probable advantage of the approach described in our
method is that debulking of the intimaemedia core of the
EIA eliminates the pathologic origin of neo-intimal hyper-
plasia and restenosis; therefore, fewer re-interventions or
surgical procedures are needed to achieve patency.
The life-table analysis shows the benefits and disad-
vantages of our procedure. The initial failure rate is rela-
tively high due to the challenges of the technique and the
long learning curve. However, if the scheduled hybrid
procedure is feasible, then the long-term patency and
outcome are comparable to any other choice of treatment.
The low rate of re-intervention that is required to maintain
patency makes this method more cost-effective. By per-
forming regular duplex follow-up, even better results could
be achieved.
The reason that the remote endarterectomy technique
has not been widely adopted is the understandable fear of
Stent-assisted Remote Iliac Artery Endarterectomy 655pushing the ring stripper proximally. We encountered this
problem in only three cases in this study, and rupture-
related death was not reported.12e14 The most frequent
failure occurred when the wire did not advance through the
iliac occlusion and then back to the true lumen. This is why
the learning curve of the surgeon is so important.
The main disadvantage of this procedure is that it only
provides good results for specific pathologies and locations of
the disease. The use of this procedure with heavily calcified
EIA has worse outcomes than with non-calcified lesions
because the ring of the stripper can become stuck in the
former case.
Another consideration is that, because the stump of the
internal iliac artery usually offers resistance when pushing
the ring stripper towards the CIA, a patent CIA, stenotic or
not, is required to perform the procedure.
CTA is the preferable diagnostic option for preoperative
evaluation of these conditions. It helps to analyse the
diseased arterial wall, to assess the extent of calcification,
or, in case of total EIA occlusion, to quantify its expected
diameter and intimal-core pathology.
The over-the-wire technique ensures access from the CFA
to the true lumen of the aorta. Without previous wire place-
ment, contralateral catheterisation is often required.12
Practice is needed to appropriately select the layer of the
endarterectomy. Choosing an incorrect layer for dissection
could cause rupture or lead to incomplete remote endar-
terectomy with remnants of the intimal core in the lumen,
resulting in the potential for early reocclusion.
Conclusion
Our present series is confined to cases, where open surgery
is mandatory due to combined iliac and CFA/profundal
disease, which is not suitable for endovascular solution
alone. When open femoral reconstruction is obligatory,
management of the iliac occlusive disease with a hybrid
endovascular procedure is an obvious choice for minimal
invasiveness and to avoid the use of prosthetic material.
This study has shown that SA-RIEA is an alternative to
either iliofemoral or aortofemoral reconstruction in this
specific group of patients, and we report acceptably low
perioperative complication rates and long-term durability.
Our results compare favourably with other minimal
invasive procedures. Fewer re-interventions to maintain
patency could be a possible advantage of our method.
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